A circadian blood pressure rhythm has been demonstrated in the majority of subjects, even if inactive during daytime. A rhythm of leg blood flow and peripheral resistance, with higher values during sleep than during waking, has also been recently shown in subjects confined to bed. Doubts still persist on whether such a rhythm also exists in the forearm, and whether or not its trend is similar to that found in the leg.
A circadian rhythm of blood pressure (BP), with higher values during the daytime than at night, has been demonstrated in the majority of unrestricted subjects who are free to move around and to be physically active during daytime hours. [1] [2] [3] This is attributable mainly to the physical activity performed during waking. 3 Nevertheless, a similar, although less distinct, rhythm can also be seen in subjects who are forced to remain inactive. 4, 5 A circadian rhythm of leg arterial flow with higher values during sleep than during waking has also been shown recently by our group both in normotensive (NT) and hypertensive (HT) subjects confined to bed for 24 h, except for a small number of HT who are incapable of reducing their BP and peripheral resistance during the nighttime (known as dippers). 4, 5 Because previous experiments preformed in animals have demonstrated that circadian variations of peripheral flow may differ in the forelimbs and the hindlimbs, 6 we wanted to ascertain whether similar differences were also present in man. In this work we simultaneously evaluated leg and forearm flow and resistance during the daytime and nighttime in a group of subjects confined to bed for 24 h in order to elucidate whether a rhythm of peripheral flow and resistance also exists in the forearm, and whether or not its trend reproduces that found in the leg.
METHODS

Subjects
The study included 14 NT subjects (7 men and 7 women) and 14 mild-to-moderate age-matched HT patients (9 men and 5 women). Casual BP and heart rates, as well as general characteristics of the two categories of subjects, are summarized in Table 1 .
Study Protocol
Subjects were studied for 24 h, beginning at 2 pm. After a regular meal, each was confined to bed under a light blanket, in a comfortable room, at a stable room temperature of 22°C. They remained in the supine position until 2 pm of the following day. Changing of position in bed was minimized and was not allowed during measurements. Sleeping was forbidden during the daytime. All subjects were observed closely during the 24 h of the study, and the sleeping and waking periods were recorded as described in detail elsewhere.
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BP Monitoring Indirect BP was automatically measured on the right arm at 15 min intervals, using a TM-2420 Model-7 ambulatory blood pressure monitoring system (A&D, Tokoyo, Japan), which also provided heart rate recording. This system, whose performance has been validated, [7] [8] [9] [10] is equipped with two microphones: the first placed over the brachial artery on the antecubital region to detect the Korotkoff sounds, and the second placed over the brachial muscular groups to detect and reject the muscular noises.
Mean BP was calculated from diastolic pressure ϩ pulse pressure/3.
Blood Flow Measurement and Peripheral Resistance
Calculation Blood flow was measured in mL/min/ dL tissue on the left leg and on the left forearm. An automatic venous occlusion, strain-gauge, plethysmographic two-way fluximeter, providing complete automation of occlusion/deflation times and pressures (Angiomed, Microlab, Padova, Italy), was used for this purpose. 5 The plethysmographic method was previously widely validated and is universally accepted for segmental arterial flow determination. Furthermore, in the Angiomed device used in this study flow measurements were cleared from any abnormal values by means of an integrated software. 4 Once the occlusion pressure of 50 mm Hg had been programmed, it was automatically repeated at each determination without any further intervention, leaving the subjects free to sleep during the night. Automatic electric calibration was provided before each determination.
During each 15 min interval, four automatic measurements synchronized with BP measurements were performed and averaged simultaneously on leg and forearm.
Leg and forearm peripheral resistance were calculated at each 15 min step as the mean BP/flow ratio and expressed as mm Hg/min/mL/dL tissue (units of resistance, UR).
Data Analysis Subjects were previously divided into NT and HT (casual systolic BP Ն160 or Ն95 mm Hg).
On the basis of previous studies performed by our group, 4,5 the preliminary hypothesis was made that average forearm flow would have been about 4 mL ϫ min Ϫ1 ϫ dL Ϫ1 with a standard deviation of ϳ1.5, leg flow about 3 mL/min/dL with a standard deviation ϳ1.5, and daytime/nighttime flows difference about 1 mL/min/dL. One also expected that mean difference between HT and NT would have been about 20 mm Hg for systolic and 15 mm Hg for diastolic BP, 1.5 mL/min/dL for both limb flows, and 15 UR for limb resistance. This gave a minimum of 8 patients to be studied at an ␣ two-sided of 0.05. With 14 subjects Because of the low number of the two groups and to the nonnormal distribution of data, differences between NT and HT subjects were analyzed with the nonparametric Wilcoxon test.
Blood pressure, flow, and resistance data were analyzed both as 22 h recording and as truncated periods. For the 22 h analysis, the 2 h between 14:00 and 16:00 were not taken into consideration because they were disturbed in some subjects by an alert reaction to the application and the setting up of the equipment. The 22 h period from 16:00 of day 1 to 14:00 of day 2 was analyzed by repeated-measures analysis of variance (ANOVA) to outline within-subject trends and between-subjects differences (NT v HT). The same analysis was performed to determine leg-forearm differences.
Because of the variable time at which subjects fell asleep and woke up and the difficulty of defining the period of sleep, truncated periods of certain sleep (from 01:00 to 06:00) and waking (from 16:00 to 20:00 and from 9:00 to 13:00) were also used to avoid any interference because of periods of transition.
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RESULTS
During the 22 h study, the average sleeping period was 6.1 h and the waking period 15.9 h. All of the subjects said that they slept well during the night, and this was confirmed in all cases by observers present throughout the 24 h of the study.
BP and Heart Rate Trends Average 22 h BP, heart rate, leg flow and resistance, and forearm flow and resistance are summarized in Table 1 . Both the NT and the HT showed a BP nocturnal fall and a morning increase (Figure 1 ). The nocturnal BP reduction was Ϫ4.8%/Ϫ6.1% in the former and Ϫ7.1%/Ϫ6.3% in the latter (all P Ͻ.0001).
Twenty-two hour heart rate was 68 Ϯ 9.2 beats/min in the NT and 67.5 Ϯ 15.4 beats/min in the HT (insignificant difference). Heart rate decreased during sleep in both groups in comparison to daytime (Ϫ15% and Ϫ10%, respectively; both P Ͻ.0001 v daytime). Nighttime heart rate and the night/day heart rate ratio were similar in the NT and HT.
Twenty-two Hour Flow and Resistance
Taking into consideration the entire 22 h period, flow was significantly lower and resistance higher in the HT than in the NT, both in the leg and in the forearm (Table 1 ). Figure 2 also shows that the flow difference was due only to nighttime values, whereas daytime values were similar in the two categories of subjects. Figure 2 shows the trend of blood flow during the truncated periods of ascertained sleep and waking. A significant leg flow increase was observed during sleep in all subjects in comparison with that of daytime; as one can see in Figure 3 (left panel), this increase was similar in the NT and the HT.
Leg and Forearm Hemodynamics
The nocturnal trend of forearm flow was different in the two categories of subjects in that a significant flow increase in comparison with daytime flow (ϩ0.9 Ϯ 1.5 mL/min/dL, P Ͻ.001) was observed in the former and an insignificant flow decrease (Ϫ0.1 Ϯ 0.9 mL/ min/dL) in the latter.
Peripheral resistance was constantly lower in the NT than in the HT both in leg and forearm, and always lower during sleep than during waking (Figure 4) . As shown in the lower panels of Figure 3 , the peripheral resistance fall was of the same extent in the two categories of subjects.
DISCUSSION
Higher values of arterial flow during sleep than during waking were first demonstrated using the radioactive isotope clearance in subjects free to participate during the day in normal physical activities. 13, 14 We have recently demonstrated with strain gauge plethysmography that a circadian rhythm of peripheral hemodynamics, with higher values of flow and lower values of resistance during sleep than during waking, also exists in the majority of subjects confined to bed. 4, 5, 15 As cardiac output is lower at nighttime than during the daytime, 12 this flow increase during sleep must be attributed to a limb vasodilatation. This can appear as a paradox, as were are used to considering that blood flow tends to increase ''in excess of metabolic demands,'' 16 a condition that does not occur during sleep. A nocturnal activation of the cholinergic system is the most likely explanation of this phenomenon, bases on the evidence that both a limb flow increase and a cardiac output decrease can be obtained by administration of cholinergic agents in man 17 and that in the animal the stimulation of muscarinic receptors induces both sleep 18 -20 and muscular vasodilatation. 8, 21 A ␤-adrenergic vasodilatation, 22 although demonstrated in man, 23, 24 appears to be unlikely during sleep, and the possibility of a ''noncholinergic nonadrenergic'' vasodilatation is only conjectural in the present context.
In this work we also demonstrated that HT patients had lower nocturnal leg and forearm flows than NT controls (Table 1) , whereas no difference was seen during the daytime (Figure 2) . In other words, HT patients appeared incapable of increasing their peripheral flow at nighttime. This finding could simply mean that peripheral hemodynamic differences between HT and NT can be detected only when the cardiovascular system is less readily affected by environmental stimuli as is the case during sleep.
It must also be pointed out that, although present in both limbs (Figure 2) , this difference was particularly evident in the forearm, in which the nocturnal flow was even decreased in the HT and increased in the NT (Figure 3) . We do not have any plausible explanation for this finding, which, however, is in keeping with the observation that, in the animal, the electrical stimulation of central cholinergic areas is followed by a vasodilatation in the hind-limb muscles but not in the forelimb. 6 A possibility is that, because legs have a greater musculature than forearms, night-day differences tend to be smaller in the former, as they are masked by very high values of arterial flow.
One last point concerns peripheral resistance, which was always lower during sleep than during waking, in the leg as well as in the forearm, both in the NT and in the HT subjects. As, in the present work, resistance was simply calculated as mean BP/flow ratio, it is likely that the decrease during nighttime only reflects the BP fall that was observed in all subjects during this period. It must be pointed out that 22 h resistance was greater (in both the leg and forearm) in the HT than in the NT, a trend that was detectable at night as well as during the daytime (Figure 4 ). This clearly disagrees with the belief-based on a few measurements rather than on a 22 h monitoring-that in hypertension ''peripheral resistance is usually little changed.'' 25 In conclusion, 1) a daytime/nighttime rhythm of peripheral flow is detectable in subjects resting 24 h in bed; 2) this rhythm results from a blood redistribution to the limbs during sleep, probably attributable to activation of the cholinergic system typical of the nighttime hours; 3) leg flow increases during sleep in the NT as well as in the HT, whereas forearm flow increases in the former and decreases in the latter; 4) the HT have lower nocturnal values of peripheral flow than do the NT, whereas daytime values are comparable in the two categories; 5) peripheral resistance, whether measured in the leg or in the forearm, is greater in the HT than in the NT, both during waking and during sleep.
